INTRODUCTION
The auxotrophic strain prol-3 of Neurospora crassa grows on proline (Vogel & Bonner, 1954 )~ as well as on arginine and ornithine, through the action of a general amino acid permease (Pall, 1969 (Pall, , 1970 Shchez, Martinez & Mora, 1972) , an arginase (Castaiieda, Martuscelli & Mora, 1967; Davis, Lawless & Port, 1970) and an ornithine-6-transaminase (Davis & Mora, 1968) . These enzymes lead to the formation of glutamic acid and glutamic acid y-semialdehyde, a proline precursor which strain prol-3 is unable to synthesize by the normal biosynthetic pathway (Vogel & Bonner, 1954) .
Paradoxically strain prol-3 does not use endogenously synthesized ornithine and arginine as proline precursors, and when incubatkd in minimal medium it accumulates arginine. In this paper we report the accumulation of glutamine and arginine in conidia of Neurospora crussu when they are deprived of an amino acid. The results presented here bear some similarity to the accumulation of amino acids that has been reported to occur in mycelium of Neurospora crassa Carsiotis, Jones & Wesseling, 1974) and in Saccharomyces cerevisiae (Schurch, Miozzari & Hutter, 1974) .
METHODS
Organisms. Stocks came from the collection of 1. Mora or from the Fungal Genetics Stock Center at Humboldt State University Foundation, Arcata, California, U.S.A. The basic strains were: the proline auxotrophs prol-r, prol-3 and prol-4; the arginine auxotrophs arg-5 and urg-6; the tryptophan auxotrophs tryp-r, tryp-2, tryp-3 and tryp-4; the histidine auxotrophs his-3 and his-6; the lysine auxotroph lys-2; the phenylalanine auxotroph phe-r ; the tyrosine auxotroph tyr-I; the aromatic amino acids auxotroph ar0rn-I ; the isoleucine-valine auxotroph iv-I; the valine auxotroph vul (F~Sc566); and the uridine auxotroph pyr-3a. All double mutants were obtained from appropriate crosses of these stocks.
Growth conditions. Neurospora crussu was routinely grown in minimal medium N (MM) of Vogel (1964) Conidia were harvested from slants of MM supplemented with 1-5 % (w/v) sucrose which were incubated for 3 days in the dark at 29 "C followed by 2 days in the light at 25 "C. Growth in liquid medium was carried out in 250 ml Florence flasks containing 200 ml MM inoculated with filtered conidia and aerated with humidified air at 25 "C. In experiments which involved a transfer from one medium to another, conidia were filtered and washed using Millipore filters (type RAWP 047) and resuspended. Preparation of soluble extracts for amino acid analysis. Conidia were harvested on Millipore filters and washed with distilled water. Glutamic acid and glutamine were extracted by homogenizing the cells in 20 ml 80 % (v/v) ethanol containing 0.5 pCi of ~-[U-l~C]glutamine. The homogenates were boiled for 10 min, cooled and membrane filtered. The alcohol-insoluble material was re-extracted in 20 ml 80 % (v/v) ethanol.
The filtrates containing the free amino acids were lyophilized and the dried samples were resuspended in 2 ml deionized water plus 0.1 pCi of ~-[U-~~C]glutamic acid. Glutamic acid and glutamine were separated and measured using the method of Yemm & Cocking (1955) as modified by Ferguson & Sims (1974) . Glutamic acid and glutamine concentrations were calculated from the dilution of the specific radioactivity of the labelled compounds.
Arginine was extracted from filtered conidia with 2 m15 % (w/v) trichloroacetic acid. After centrifugation the arginine was measured in the supernatant fluid by the method of Van Pilsum et al. (1956) .
Samples for amino acid analysis were prepared by extracting conidia with I % (w/v) picric acid. After centrifugation, the supernatant was passed through a column (15 x 40 mm) of Dowex resin AGI X-2 (200 to 400 mesh, chloride form). Amino acids were eluted with 7 mlo.02 M-HCl, followed by 2 ml water. The amino acid analyses were carried out on the neutralized eluates using a Technicon amino acid analyser. Ornithine was separated from the other amino acids as previously described (Mora, Salceda & SAnchez, 1972) and measured by the method of Chinard (1952) .
Growth determination. Conidia were collected on membrane filters (Millipore, type HA, pore size 0.45 pm), washed with 2 vols distilled water and placed in 2 ml 5 % (w/v) trichloroacetic acid. After centrifugation, the precipitate was resuspended in I M-NaOH. Protein was determined by the method of Lowry et al. (1951) using bovine serum albumin as standard. Chemicals. All amino acids, indole and bovine serum albumin were obtained from Sigma. Uridine and cycloheximide were purchased from Calbiochem. Ninhydrin was obtained from Pierce Chemical Co., Rockford, Illinois, U.S.A.
RESULTS

Glutamine and arginine accumulation during amino acid deprivation
The conidia of the proline auxotroph prol-3 accumulated arginine intracellularly when they were incubated in MM (Fig. I ). The accumulation of arginine started immediately, and after 24 h reached a concentration at least 20-fold higher than that in the inoculum. This accumulation was the consequence of a biosynthetic process, since in the single auxotrophs arg-5 and arg-6 and in the double auxotrophs arg-jprol-3 and arg-6prol-3, no accumulation occurred when incubated in MM (Fig. I ). Other amino acid auxotrophs incubated in MM also accumulated arginine (Table I ) but no accumulation was observed when the arg-5 mutation was present in addition to one of these auxotrophs. Arginine did not accumulate when the amino acid auxotrophs were grown in MM plus the required amino acid, and accumulation was less than in MM when they were incubated in MM in the presence of cycloheximide (Table 2) . Ornithine, an arginine precursor, was not accumulated when conidia of prol-3 and tryp-2 were incubated in MM. The deprivation of uridine in the auxotrophic strain pyr-3a did not induce the accumulation of arginine when conidia were incubated in MM.
When glycerol was substituted for sucrose, there was a threefold decrease in arginine accumulation in strain prol-3; when the carbon source was omitted, no accumulation was found (Fig. 2) . If the ammonium nitrogen of the medium was replaced by another nitrogen source such as glutamine, then in the presence of glycerol accumulation also decreased (Fig. 2) . In the absence of a nitrogen supply the prol-I, prol-3, prol-4, his-3 and his-6 1' Arginine was measured after 10 h since growth was observed at longer incubation times. Conidia were introduced into 250 ml flasks and incubated for 24 h in MM with and without cycloheximide (10 pg ml-l) or for 12 h in MM plus the amino acid required (100 pg ml-l). Results are expressed as pmol arginine (mg protein)-l.
Arginine concn after incubation in: auxotrophs did not accumulate arginine, although others, such as the lys-2 and tryp-2 auxotrophs, accumulated arginine at a reduced rate even in absence of a nitrogen source.
An amino acid analysis of the acid-soluble extract of conidia of strain prol-3 incubated for 10 h in MM is shown in Table 3 . It can be calculated from these results that after deprivation there was a 2.6-fold increase in the amino nitrogen, of which 32-6 % was in arginine and 21.9 % was in glutamine. In contrast, 18.1 % of the amino nitrogen in the inoculum was in arginine and 14-5 % was in glutamine. An appreciable cysteine pool was formed and glutamate was one of the major pool amino acids at both sampling times. Similar results were obtained for strain tryp-2 after deprivation.
Catabolism of arginine during amino acid deprivation
Since the prol-3 mutant did not grow in conditions where arginine accumulated we assumed that this amino acid was not catabolized during proline deprivation (Fig. 3) . Conidia of the prol-3 mutant grew in arginine only when it was present in the medium at inoculation (zero time). The addition of arginine 3, 6 or g h after inoculation into MM did not promote growth in this mutant when it had been deprived of proline for 3 h. The addition of ornithine to MM 6 h after inoculation did initiate growth. Similar results were obtained with conidia of strain prol-q, which also grows in proline, arginine or ornithine. The lack of growth in the presence of arginine after incubation in MM was not related to a low level of intracellular arginine. of strain prol-3 tryp-z were inoculated into MM at o h. Indole (20 pg ml-l), proline (100 pg ml-l) and/or arginine (100 pg ml-l) were added as follows: 0, proline plus indole at o h; 0 , arginine plus indole at o h; A, proline at o h, removed at 6 h and indole and arginine then added; A, indole at o h and arginine at 6 h. The double auxotroph prol-3 tryp-2 was used to test if the deprivation of amino acids other than proline also prevented the catabolism of arginine. It was found that conidia of this strain deprived of either tryptophan or proline did not catabolize arginine (Fig. 4) .
Coordination of the biosynthesis and catabolism of arginine
Since accumulated arginine was not catabolized, the biosynthesis and catabolism of arginine was studied in the double auxotroph pyr-3a prol-3. Depriving this strain of proline or pyrimidines allowed us to induce the accumulation of arginine. Arginine was accumulated in conidia incubated in MM plus uridine (proline deprivation), but not after incubation with proline (uridine deprivation) (Fig. 5) . Proline-deprived conidia did not grow when arginine was added to MM after 3 h, but conidia deprived of uridine grew when uridine and arginine were added (Fig. 6) . These results indicate that a coordination mechanism exists between the biosynthesis and the catabolism of arginine, since when arginine was accumulated it was not catabolized, and when it was not accumulated exogenous arginine was catabolized.
Additional evidence of coordination was that conidia of strain prol-3, deprived of proline in the presence of cycloheximide, grew if the inhibitor was removed and arginine added. As shown in Table 2 , cycloheximide prevented the accumulation of arginine during deprivation. The conidia were 90 % viable under these conditions. Coordination was also observed in the presence of glycerol or in the absence of a carbon source. Under these conditions arginine was not accumulated after 6 h incubation (Fig. 2) and growth occurred when the conidia were transferred to medium containing sucrose and arginine (Fig. 7) .
Coordination of the biosynthesis of glutamine and arginine with the catabolism of arginine Depriving the conidia of an amino acid in the presence of ammonium, which is normally present in MM, resulted in the accumulation of arginine and in the prevention of its catabolism. Similar results were found using glutamine as a nitrogen source. In the presence of glutamic acid, glutamine and arginine were accumulated at a lower rate during the first 
DISCUSSION
The accumulation of arginine in conidia deprived of an amino acid is the result of a biosynthetic process dependent on the provision of a carbon source, nitrogen and protein synthesis. The requirement for de novo synthesis of pyrimidines indicates that some synthesis of nucleic acids is also necessary for accumulation.
The accumulation of arginine was initially detected during proline deprivation in the proline auxotrophprol-3. It is surprising that this mutant does not grow in MM but nevertheless accumulates a large arginine pool. Since the addition of ornithine but not of arginine allows growth to occur, we conclude that during amino acid deprivation, accumulated arginine is not hydrolysed by arginase. We have found that glutamine inhibits the growth of strain prol-3 in arginine and prevents the induction of arginase by arginine (vaca & Mora, 1977) . The inability of amino acid-deprived conidia to catabolize arginine, accumulated through biosynthesis or from the medium, may be explained as a result of the accumulation of glutamine which also occurred during deprivation.
Mycelium of N . crassa, deprived of an amino acid, accumulates glutamine and arginine and a substantial amount of this arginine is sequestered, and is unable to induce the arginase even when added to the medium (Mora et al., 1978) . Recently, it has been reported that arginine is sequestered in exponentially growing mycelium of N . crassa (Weiss, 1973) .
When Neurospora is deprived of an amino acid, it does not grow and glutamine is synthesized in excess. Under these conditions arginine neither prevents its own synthesis nor induces its own catabolism. Wiame (1971) has provided evidence and a model for the coordination of the biosynthesis and catabolism of arginine in Saccharomyces cereviside. We suggest that during amino acid starvation in Neurospora, glutamine and arginine are accumulated as nitrogen and/or carbon reservoirs. This would imply a link between the biosynthesis of glutamine and the biosynthesis and catabolism of arginine. The results presented here bear some similarity to those found in mycelium of Neurospora and in S. cerevisiae (Schurch et al., 1974) , where a metabolic block in one particular biosynthetic pathway such as arginine, histidine or tryptophan led to a derepression of the enzyme levels in these pathways. In S. cerevisiae a similar derepression is observed in leaky mutants of the amino acid pathways mentioned above (Delforge, Messenguy & Wiame, I g75).jThe accumulation of amino acids reported here differs in that more than half of the amino nitrogen is accumulated in arginine and glutamine by conidia that are not growing, and a link exists between the catabolism of nitrogen and the synthesis of glutamine and arginine.
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